Veterans (N ¼ 41) with type II diabetes were enrolled in a behavioral and pharmacologic intervention for cardiac risk reduction for 4 weeks at the Providence Veterans Affairs Medical Center during 2004-2007 and were followed up 3 months post intervention. Erectile dysfunction (ED) was assessed using the 5-item version of the International Index of Erectile Function (IIEF-5). Participants experienced significant improvements in hemoglobin A1c (HbA1c), diastolic blood pressure and total cholesterol levels over the course of the intervention. Change in systolic and diastolic blood pressure and reduction in or maintenance of HbA1c below 7.0% were significantly associated with change in IIEF-5 (P ¼ 0.01, P ¼ 0.01, P ¼ 0.04, respectively). These results suggest that improved blood pressure and glycemic control in men with diabetes may lead to an improvement in ED.
Introduction
Erectile dysfunction (ED) and cardiovascular disease are highly prevalent among men with diabetes. An estimated 20-85% of diabetic men have some form of ED 1 and are three times more likely to suffer from ED than nondiabetic men. 2 In addition to sharing many of the same risk factors, ED is also considered a marker for cardiovascular disease. 3 Risk factors such as elevated hemoglobin A1c (HbA1c), blood pressure (BP) and hyperlipidemia/ dyslipidemia have been associated with both cardiovascular disease 4, 5 and ED in patients with diabetes. 1, [6] [7] [8] [9] Previous studies have shown a beneficial effect on ED of reduction in certain cardiovascular risk factors such as body mass index (BMI), cholesterol, increased physical activity, reduced BMI and smoking cessation in nondiabetic men. [10] [11] [12] [13] However, data are lacking on the effect of changing multiple cardiovascular risk factors on ED among men with diabetes. This is one of the first studies to assess the impact of multifactorial cardiovascular risk reduction on ED in men with diabetes. Thus, we studied the effects of an intensive behavioral and pharmacological intervention targeting hyperglycemia, hypertension and hyperlipidemia on ED in a cohort of diabetic men.
Methods

Design
This is a retrospective analysis of the study ' 
Intervention
Participants in the treatment arm attended weekly group sessions of MEDIC for 1 month, where clinical pharmacists provided education and behavioral modification to encourage diet, exercise and disease self-management, tobacco cessation and other comorbid risk reduction. Medication titration followed an algorithm to achieve tobacco cessation, glycemic, BP and lipid control. All participants returned for follow-up 3 months post intervention (4-month follow-up).
Data collection
Erectile dysfunction was assessed using the selfreported 5-item version of the International Index of Erectile Function (IIEF-5) 14 at the beginning of the study and at the 4-month follow-up. We collected demographic factors, medical history and medication usage. All participants were assessed for weight, BP, HbA1C and lipids levels at the baseline of the study and again at the 4-month follow-up.
Subjects
Participants in the study were veterans, 18 years and older, with type II diabetes and an elevated HbA1c of 7-9% at least 6 months prior to the start of the study. Recruitment occurred at the Providence Veterans Affairs Medical Center from [2004] [2005] [2006] [2007] . The focus of the current analysis is restricted to the participants assigned to the treatment arm who completed the IIEF-5 at baseline and at the 4-month follow-up (n ¼ 41).
Risk-factor goals
HbA1c, BP and total cholesterol (TC) were assigned cutoff levels based on the Framingham coronary disease prediction algorithm 4 and the American Diabetes Association standards of medical care. 15 Participants were determined to have met goals for each of the risk factors if they achieved or maintained a level below the cutoff level. Cutoff levels were determined for HbA1c, BP and TC as follows: 
Analyses
The distribution of different outcome variables was examined using the Shapiro-Wilk W test. If a deviation from normality was found, log transformation of the data points was performed and analyses were then performed for the variables on its original and log transformed states. If there was no difference in outcome of analysis between original and log transformed states, the original values were reported. All measured risk factors and medication use were compared between baseline and follow-up using paired Student's t-tests or two-tail Fisher's exact tests. First, change in IIEF-5 was modeled using univariate linear regression with change in systolic and diastolic BP, HbA1c and TC. Then change in IIEF-5 scores was compared among participants who did and did not meet each of the risk-factor goals. We compared demographics, comorbidities and medication use among people who did and did not meet each of the goals to assess for potential confounding factors. Change in IIEF-5 was then modeled with change in risk factors and riskfactor goals after adjusting for these confounding factors. To compare the effect of meeting multiple goals vs one vs zero goals on erectile function, we used Student's t-test for each pair. Only goals that showed an increase in IIEF-5 score were included in the latter analysis. All statistical analyses were conducted using SAS JMP (SAS Institute Inc., Cary, NC, USA). Statistical significance was defined as Po0.05. Data are presented as mean ± s.d.
Results
A total of 41 men completed the IIEF-5 at both baseline and the 4-month follow-up. Characteristics of the participants are shown in Table 1 . The mean age of the participants was 62.4±9.7 years and 85.4% were white. There was a high prevalence of coronary artery disease (53.7%) and one-third of the participants were active smokers. There was a significant decrease from baseline in the levels of HbA1c, TC and diastolic BP at the 4-month follow-up. However, there was no change in the Effect of cardiac risk control on ED in men with diabetes SAM Khatana et al mean IIEF-5 score over that period (Table 2 ). There was no significant change in the categories of medication use before and after the intervention (Table 3) . In univariate linear regression, there was a significant association between change in systolic and diastolic BP and change in IIEF-5 (r ¼ 0.4, P ¼ 0.01; r ¼ 0.4, P ¼ 0.01, respectively) whereas change in HbA1c and TC did not have any significant association (r ¼ 0.02, P ¼ 0.9; r ¼ 0.2, P ¼ 0.6, respectively). The number of people who met assigned goals in HbA1c, BP and TC were 16, 22 and 28, respectively (39.0, 53.7, 68.3%, respectively; Table 4 ). Participants who met HbA1c goals experienced a statistically significant improvement in IIEF-5 compared to participants not meeting the goal (1.6±3.7 vs À1.0±4.0, P ¼ 0.04) over the 4-month period. Participants meeting the BP goal also experienced a small improvement in IIEF-5 compared to participants not meeting the goal, who experienced a decline (0.6 ± 4.4 vs À0.6 ± 3.5, P ¼ 0.3). Participants meeting the TC goal experienced no change in their mean IIEF-5 score whereas there was a slight increase seen among patients not meeting the goal (0.0 ± 4.7 vs 0.1 ± 2.3, P ¼ 1.0; Figure 1 ).
There was no significant difference in race, age, smoking status or testosterone levels between participants who did and did not meet goals for HbA1c, BP and TC. The only significant difference in medication usage between participants who did and did not meet each of the three goals was in sulfonylurea and insulin use for the BP goal (P ¼ 0.004, P ¼ 0.01, respectively; Table 4 ). However, there was an increasing trend in PDE5 inhibitor use for participants who met HbA1c and BP goals (12.5-25.0%, P ¼ 0.7 and 4.6-13.6%, P ¼ 0.6, respectively) and for participants who failed to meet the TC goal (15.4-30.8% P ¼ 0.6) from baseline to the 4-month follow-up. The average change in IIEF-5 among people who started using a PDE5 inhibitor over the course of the intervention was À0.3±1.2, P ¼ 0.9. Change in IIEF-5 was modeled using multiple linear regression adjusted first for age and then for PDE5 inhibitor use. Changes in systolic and diastolic BP were still significant predictors of change in IIEF-5 after adjusting for age (P ¼ 0.01 and P ¼ 0.01, respectively) and change in PDE5 inhibitor use (P ¼ 0.01 and P ¼ 0.01, respectively; Table 5 ). HbA1c goal also remained a significant predictor of change in IIEF-5 after adjusting for age (P ¼ 0.05) and change in PDE5 inhibitor use (P ¼ 0.05).
Participants who had met goals for both BP and HbA1c experienced the greatest improvement in IIEF-5 (2.2 ± 1.6) followed by participants who met only one of the goals (BP or HbA1c) (À0.05±0.8), and then by those meeting none of the goals (À1.5 ± 1.2). There was a significant difference between participants who had met two and zero goals (P ¼ 0.04), but no difference between participants meeting two and one goals (P ¼ 0.2) or between one and zero goals (P ¼ 0.3). There was a nonsignificant moderate correlation between change in IIEF-5 and the number of goals met (r ¼ 0.3, P ¼ 0.1; Figure 2 ). No statistically significant difference between baseline and 4-month follow-up.
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Discussion
This is one of the first studies relating the isolated and combined effects of reduction in BP, HbA1c and TC levels to ED. Change in systolic and diastolic BP and a reduction in or maintenance of HbA1c below 7.0% were significantly associated with change in IIEF-5 score from baseline to the 4-month follow-up. Additionally there also appeared to be an additive effect as participants who met both HbA1c and BP goals improved to a greater degree than those meeting either only one of the goals or none of the goals. Elevated HbA1c levels have been shown to be associated with ED. 1 In animal models, hyperglycemia leads to decreased Nitrous oxide (NO) production. 16 Thus, a decrease in glycemia may allow for increased NO production leading to improved vasodilatation and erectile function. Hypertension is also highly prevalent among diabetic men with ED. 17 Hypertension is most likely related to ED being a primary vascular risk factor and the resulting long-term vascular damage. 18 Although treatment of hypertension with common antihypertensive medications has been associated with ED, 19, 20 another study also showed recovery of erectile function after brief aggressive antihypertensive therapy. 21 Moreover, antihypertensives at levels currently used in clinical settings are not likely to negatively influence ED significantly. 22 Our results suggest that although it may be important to lower HbA1c levels below a clinically important threshold to experience improvement in ED, any reduction in BP may also provide beneficial effects. Additionally, as hyperglycemia and hypertension may affect ED through different mechanisms, improvement in both appears to lead to the greatest improvement in ED.
The role of lipid lowering and the use of statins in ED is controversial. Although one previous study has shown a decrease in TC accompanied with an improvement in ED following statin therapy, 11 another study showed a reduction in IIEF-5 scores following statin therapy. 23 It is possible that the reduction in TC in our study may have been through a manner which does not affect diabetic ED. Our intervention did not result in a significant change in high-density lipoprotein (HDL) or triglyceride levels, both of which have been associated with poor sexual function. 6, 24, 25 Our finding of lowering of TC without significant changes in HDL and triglycerides is typical of statins and especially of simvastatin, which was the preferred statin used at the study institution. 26 The short time frame of our intervention makes it likely that the gains in risk-factor control were largely reflective of the weekly medication up titrations, and less from the behavioral modifications which often take longer time for their effects to be observed. 10 Lastly, it may also be possible that in men with diabetes, the effect of TC on ED is minimal compared to that exerted by other factors such as hyperglycemia and hypertension. Our study was limited by the small sample size resulting in reduced statistical power. Despite this shortcoming, we were able to see a statistically significant association between change in IIEF-5 and meeting the HbA1c goal and change in systolic and diastolic BP. A greater number of participants may allow us to stratify our goals to determine the effects of meeting multiple ED comorbidity goals and at different levels rather than at a singular cutoff point. We were also limited by the nonexperimental design, which may result in selection bias. However, to date very few studies have addressed the role of multifactorial cardiac risk reduction in improving the ED of diabetic men, and our data may provide the much-needed pilot data for the design of larger randomized controlled studies. The changes seen in IIEF-5 were relatively small, and may not be biologically meaningful. Given the short duration of our study, we believe that any change observed is important as it may suggest that more intensive and longer lasting interventions may result in greater changes in IIEF-5. In addition, the magnitude of the IIEF-5 changes were additive. A longer follow-up may also help to determine the longevity of the improvements in both the cardiovascular risk factors and the change in ED. Lastly, as the study employed the IIEF-5 questionnaire, the limitations inherent in the IIEF-5, such as focus on heterosexual sex, lack of inquiry regarding desire and lack of information on the etiology of the disorder 27 were a part of this study.
Although studies have been done on the prevalence of ED risk factors among men with diabetes, 18, 28 there have been no previous studies examining the impact of reducing multiple cardiovascular risk on ED among diabetic men. Our study provides the first evidence of the beneficial effect of BP control and reduction and maintenance of a low HbA1c on ED in men with diabetes.
Financial disclosure
The authors state no conflict of interest. Effect of cardiac risk control on ED in men with diabetes SAM Khatana et al
